Multiple geochemical analyses (total carbon [TC], total nitrogen [TN], total sulfur, isotopic compositions of δ 13 C org and δ 15 N org , and Rock-Eval pyrolysis) were performed on bulk sediment samples from Integrated Ocean Drilling Program Expedition 344 to assess geochemical characteristics and variations with depth at each drilled site. Downcore profiles of geochemical analyses vary with site and composition and do not correlate with lithostratigraphic units. In addition, the downcore profiles of TC, total organic carbon (TOC), total inorganic carbon (TIC), and TN analyzed postcruise displayed similar trends to those determined from onboard analyses at all sites.
Introduction 2013]). Correlation of elements and organic matter in bulk sediment with lithostratigraphic units can be useful for documenting the depositional environment and origin of organic matter. Hence, this study reports several geochemical results on bulk sediment from offshore the Osa Peninsula.
Methods

Elemental analysis
A total of 214 squeeze cake samples from Sites U1380, U1412, U1413, and U1414 were used for geochemical analyses. A part of each squeeze cake was dried using a freeze dryer for 24 h at the Korea Institute of Geoscience and Mineral Resources (KIGAM). After the bulk sediment samples were dried, they were ground and homogenized in an agate mortar. TC and TN contents were measured by combustion method using a CHN-900 (LECO, USA) apparatus at KIGAM with detection limits of 0.001% for TC and 0.01% for TN. The reproducibility of TC and TN measurements, estimated from repeated analyses of the LECO soil standard (TC = 2.6 wt% and TN = 0.209 wt%) was <3% and <4%, respectively. TS contents were determined using an S-144DR (LECO, USA) at KIGAM with a detection limit of 0.001%. Four LECO standards (0.28, 0.95, 1.51, and 2.30 wt%) were used for the analysis of TS. The reproducibility of TS was monitored by repeated analysis of LECO standard (1.51 wt%) was <3%.
Rock-Eval pyrolysis
A Rock-Eval Turbo 6 (Vinci Technologies, France) instrument at KIGAM was utilized for the Rock-Eval pyrolysis. Free and adsorbed hydrocarbons released during programmed heating of a sample are recorded as the first peak in a pyrogram (S 1 ) under low temperature (<300°C). The second peak (S 2 ) in the pyrogram represents hydrocarbons released by kerogen cracking when the sample is heated from 300°C to 650°C. The maximum S 2 temperature is defined as T max . CO 2 , shown as the third peak (S 3 ) in the program, is also generated by kerogen degradation. When these components are normalized to the total organic carbon (TOC) content, the S 2 peak becomes the hydrogen index (HI = S 2 × 100/TOC) and S 3 becomes the oxygen index (OI = S 3 × 100/TOC) (Tissot and Welte, 1984; Peters, 1986) . TOC was also measured by the Rock-Eval Turbo 6, summing up the pyrolyzed carbon (PC) and residual carbon (RC) (Arthur et al., 1998; Lafargue et al., 1998; Kim et al., 2007 Kim et al., , 2014 . IFP 160,000 (Vinci-Technologies, France) was used as standard for the Rock-Eval analysis. The re-productivity of TOC, S 2 , S 3 , and T max is estimated from repeated analyses of the IFP 160,000 standard was better than 2%, 4%, 5%, and 1%, respectively.
Total inorganic carbon (TIC) was calculated as the difference between TC measured by the CHN-900 and TOC measured by the Rock-Eval Turbo 6: TIC (wt%) = TC (wt%) -TOC (wt%).
Isotope analysis
The aliquots of powdered bulk samples from Sites U1380, U1412, and U1413 were pretreated with 3 M HCl to remove carbonate (CaCO 3 ) and inorganic nitrogen for the analysis of organic carbon (δ 13 C org ) and nitrogen (δ 15 N org ) isotope ratios (Kim et al., 2014) . δ 13 C org and δ 15 N org were measured using a stable isotope ratio mass spectrometer system with elemental analyzer (Vision-EA, Isoprime, UK) at the National Instrumentation Center for Environmental Management (NICEM, Korea) . Analytical reproducibility was ±0.1‰ for δ 13 C org and ±0.2‰ for δ 15 N org . All carbon and nitrogen isotopes are reported in the usual δ notation relative to Vienna Peedee belemnite (VPDB) for carbon and atmospheric N 2 for nitrogen:
where R represents the 13 C/ 12 C ratio and 15 N/ 14 N ratio of the sample and standard for each isotope.
Results
Elemental composition
The elemental composition of samples analyzed are listed in Table T1 and their downcore profiles are illustrated in Figures F1, F2 , F3, and F4. Because not all samples from Sites U1380, U1412, and U1413 were analyzed for TC, TOC, and TN during the expedition, we completed the analyses of all samples from Expedition 344 postcruise. Most of the samples that were analyzed for TC, TOC, TIC, and TN content both during the expedition and postcruise display similar values at all sites. However, TOC content values obtained onboard from samples deeper thañ 160 mbsf at Site U1414 are higher than those measured postcruise (Fig. F4) .
Downcore profiles of TC, TOC, TIC, and TN vary with depth at Site U1414 (Fig. F4) . TOC and TN gradually decrease from the seafloor to ∼200 mbsf and then slightly increase deeper than 270 mbsf, whereas TC and TIC contents are relatively constant from the seafloor to ∼120 mbsf and then gradually increase with depth with the exception of the interval from 215 to 230 mbsf. Deeper than 120 mbsf, the downcore profiles of TOC and TN are mirror images to those of TC and TIC ( Fig. F4) . TOC also decreases from seafloor to ∼120 mbsf, with a minimum (<1.0 wt%) deeper than ∼500 mbsf at Site U1413 (Fig. F3) . In contrast, downcore profiles of TC, TOC, TIC, and TN from seafloor to 490 mbsf at Sites U1380 and U1412 and downcore profiles of TC, TIC, and TN at Site U1413 do not show variation with depth (Table  T1 ; Figs. F1, F2, F3) .
Organic matter derived from marine algae typically has an atomic TOC/TN ratio of 4-10; ratios derived from vascular land plants are 20 or higher (Emerson and Hedges, 1988; Meyers, 1994) . Most atomic TOC/ TN ratios at Sites U1380, U1412, and U1413 are 4-12 and are relatively constant with depth (Table T1 ; Figs. F1, F2, F3 ). On the other hand, TOC/TN ratios at Site U1414 are constant at 7-10 in the upper 200 mbsf and are mostly >10 deeper than 200 mbsf, varying from 9 to 38 (Table T1 ; Fig. F4 ). Deeper than 200 mbsf at Site U1414, TOC/TN ratios calculated using onboard and postcruise data show significant deviation because TOC contents are remarkably different between them ( Fig. F4) .
Most TS contents are <3 wt% and have a mid-maximum around 50 mbsf at Site U1414 (Table T1 ; Fig.  F4 ). In addition, TS values decrease with depth at Site U1380 (Table T1 ; Fig. F1 ). TOC/TS ratios at Sites U1380 and U1412 have maximum values in the lower sections (∼584 mbsf at Site U1380 and ∼352 mbsf at U1412), where TS content is at minimum values at each site (Table T1 ; Figs. F1, F2 ).
Rock-Eval pyrolysis
Most S 2 and S 3 values are <2 mg HC/g Rock and <3 mg CO 2 /g Rock, respectively, and show higher values at shallow depths at Sites U1412-U1414 (Table T1 ; Figs. F1, F2, F3, F4 ). In addition, S 2 and S 3 values display mirror images to each other at depths shallower than 100 mbsf at Site U1412, whereas these values tend to decrease with depth deeper than 200 mbsf at Site U1414 (Figs. F2, F4 ). S 3 values at Site U1413 also decrease with depth ( Fig. F3) .
Most HI and OI values range from 50 to 150 mg HC/ g TOC and from 100 to 300 mg CO 2 /g TOC, respectively (Table T1 ; Figs. F1, F2, F3, F4) . OI maximum values are found at ~160 mbsf at Site U1412, ~110 mbsf at Site U1413, and ~200 mbsf at Site U1414. Maximum OI values are in lithostratigraphic unit Unit I at Site U1412, Unit II at Site U1413, and at the Subunit IIA/IIB boundary at Site U1414 (Figs. F2, F3 , and F4).
Plots of modified van Krevelen-type and S 2 versus TOC diagrams using Rock-Eval data show that most data correspond to the Type III evolution field ( Fig.  F5 ). In addition, there is a strong positive correlation between S 2 and TOC at Sites U1380, U1413, and U1414 (R 2 > 0.80) and a moderate positive correlation at Site U1412 (R 2 = 0.68) ( Fig. F5) .
T max values are mostly lower than 435°C, suggesting that organic matter is at a thermally immature stage (Nali et al., 2000) . T max generally does not show vertical variation with depth at Sites U1380, U1412, U1413, and U1414 (Table T1 ; Figs. F1, F2, F3, F4) . However, T max values rapidly decrease (<400°C) between 175 and 200 mbsf in Subunit IIA at Site U1414 ( Fig. F4 ).
Isotopic composition
δ 13 C org and δ 15 N org values at Site U1380 display significant different trends at depths shallower than 500 mbsf ( Table T1 ; Fig. F4) . Their values at shallow depths are relatively constant (δ 13 C org = 27.01‰ ± 0.48‰ and δ 15 N org = 6.70‰ ± 0.21‰; N = 5), whereas δ 13 C org increases and δ 15 N org decreases with depth deeper than 500 mbsf. In addition, the downcore profile of δ 13 C org decreases in the intervals from seafloor to 75 mbsf and from 450 mbsf to the bottom of the hole and is relatively constant between 75 and 450 mbsf at Site U1413. δ 15 N org decreases from 150 to 225 mbsf and then gradually increases with depth at Site U1413 (Fig. F3) . The variation of δ 13 C org and δ 15 N org at Sites U1380 and U1413 do not correlate with lithostratigraphic units (Figs. F1, F3 ).
Organic matter produced by land plants through the C 3 pathway has an average δ 13 C org of approximately -27‰ (range = -32‰ to -21‰ VPDB) (Deines, 1980) ; through the C 4 pathway, average δ 13 C org is approximately -14‰ (range = -17‰ to -9‰ VPDB) (Deines, 1980) . Marine organic matter typically has δ 13 C values from -22‰ to -20‰ (Jasper and Gagosian, 1990; Meyers, 1994) . Measured δ 13 C org values do not clearly identify the source of organic matter, rather they reveal that the organic matter in the sediment could be derived from an admixture of marine algae and C 3 land plants (Table T1 ; Figs. F1, F2, F3 , and F4). However, the relationship between TOC/TN ratios and δ 13 C org values leads to a different interpretation. As shown in Figure F6 , most organic matter at Sites U1380 and U1413 lies in the marine/fresh algal admixture origin, whereas organic matter at Site U1412 predominantly originated from marine algae. There is no correlation of organic matter source with lithostratigraphic units. Figure F1 . Downcore profiles of element and isotopic composition and Rock-Eval pyrolysis, Site U1380. For onboard data, see the Expedition 344 summary chapter (Harris et al., 2013) . TC = total carbon, TOC = total organic carbon, TIC = total inorganic carbon, TN = total nitrogen, TS = total sulfur, T max = maximum S 2 temperature, S 2 = second pyrogram temperature peak, S 3 = third pyrogram temperature peak, HI = hydrogen index, OI = oxygen index. Depth (mbsf) S 3 (mg CO 2 /g rock) S 2 (mg HC/g rock) OI (mg CO 2 /g TOC)
U1380C
Onboard δ 13 C org (‰) δ 15 N org (‰) Figure F2 . Downcore profiles of element and isotopic composition and Rock-Eval pyrolysis, Site U1412. For onboard data, see the Expedition 344 summary chapter (Harris et al., 2013) . TC = total carbon, TOC = total organic carbon, TIC = total inorganic carbon, TN = total nitrogen, TS = total sulfur, T max = maximum S 2 temperature, S 2 = second pyrogram temperature peak, S 3 = third pyrogram temperature peak, HI = hydrogen index, OI = oxygen index. S 3 (mg CO 2 /g rock) S 2 (mg HC/g rock) OI (mg CO 2 /g TOC)
δ 15 N org (‰) Figure F3 . Downcore profiles of element and isotopic composition and Rock-Eval pyrolysis, Site U1413. For onboard data, see the Expedition 344 summary chapter (Harris et al., 2013) . TC = total carbon, TOC = total organic carbon, TIC = total inorganic carbon, TN = total nitrogen, TS = total sulfur, T max = maximum S 2 temperature, S 2 = second pyrogram temperature peak, S 3 = third pyrogram temperature peak, HI = hydrogen index, OI = oxygen index. Figure F4 . Downcore profiles of element and isotopic composition and Rock-Eval pyrolysis, Site U1414. For onboard data, see the Expedition 344 summary chapter (Harris et al., 2013) . TC = total carbon, TOC = total organic carbon, TIC = total inorganic carbon, TN = total nitrogen, TS = total sulfur, T max = maximum S 2 temperature, S 2 = second pyrogram temperature peak, S 3 = third pyrogram temperature peak, HI = hydrogen index, OI = oxygen index. Figure F5 . Modified van Krevelen-type diagrams of hydrogen index (HI) versus oxygen index (OI) and crossplots of second pyrogram temperature peak (S 2 ) and total organic carbon (TOC Figure F6 . Crossplots of δ 13 C org and total organic carbon/total nitrogen (TOC/TN) ratios, Sites U1380, U1412, and U1413 (adapted after Lamb et al., 2006) . 
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